Aims: This study aimed to assess the prevalence of women who entered antenatal care (ANC) late and to identify factors related to the late entry to ANC in New South Wales (NSW) in 2004.
Background
Pregnancy duration at entry to antenatal care in Australia Early entry to antenatal care (ANC) is important for early detection and treatment of adverse pregnancy related outcomes. The World Health Organization (WHO) recommends that pregnant women in developing countries should seek ANC within the first 4 months of pregnancy [1] . In developed countries such as the United Kingdom and the United States, ANC is recommended within the first 12 weeks of pregnancy [2, 3] .
The WHO recently recommended a reduction in the number of ANC visits in developed countries because of evidence suggesting that having fewer ANC visits does not affect the outcomes of care, other than women's satisfaction levels [4, 5] . However, women are still advised to attend ANC early and even earlier than previously recommended. For example, the United State Public Health Service Expert Panel on Prenatal Care recommends a first visit in the first eight weeks of pregnancy and, ideally, before conception in order to identify and treat health conditions that could affect the foetus [6] .
Australia does not have a national guideline on ANC, however a review of 80 local guidelines showed that 79% of these guidelines are similar to the one from the United Kingdom [7] which recommends first visit within 12 weeks. The New South Wales (NSW) Health Department Midwives Data Collection (MDC) uses the cut off point of 20 weeks for classifying late ANC. This cut off point is later than all recommendations for developing countries [1] , developed countries [2, 3] and the majority of other states in Australia [7, 8] .
A majority of pregnant women in Australia enter ANC early but a significant number of women do not do so. Twenty percent of pregnant women in Victoria in 1997-1998 had first visit after three months [8] and 13% of women in NSW in 1998 attended ANC after 20 weeks of gestation [9] .
There have been many studies on factors relating to late entry to ANC in the world. The related factors include place of residence [10] [11] [12] , ethnicity [13] , age [11] , education [12, 14, 15] , employment status [13, 16] , parity [11] [12] [13] 15] , intention to get pregnant [10, 13] , use of contraceptive method [13] , economic status [10, 13, 14] , health insurance [10] [11] [12] 14, 17] and travel time [10] .
On the other hand, there is limited information on the factors related to late entry to ANC in Australia. One study in NSW reported that women from non English speaking background, Aboriginal and Torres Strait origin were more likely to enter ANC after 20 weeks than others [18] . However, there have been no studies that used the cut off point of 12 weeks and a theoretical health seeking behaviour model as a framework for selection and analysis of related factors.
The Andersen Health Seeking Behaviour Model
The Andersen Health Seeking Behaviour Model [19, 20] assumes that health seeking behaviour is the result of interaction between characteristics of individuals, population and the surrounding environment. The model consists of several main components: predisposing characteristics (eg. age, race), enabling resources (eg. health insurance), needs (eg. being sick or having further complications), personal health care behaviour (eg. exercise), outcomes (eg. satisfaction with the health services) and environment (eg. health care policies). Inequality exists if factors other than needs, such as enabling resources, are the dominants of health care utilisation. That means people utilise health services mainly because their resources allow them to, but not because of the severity of their sickness.
The model has been widely used in studying factors related to utilisation of different health care services, which includes 139 studies reviewed by Phillips el al [21] . The model has also been used in several studies on ANC in other countries [11, 12, 14, 16, 22] .
Aims
The aims of this study were to assess the proportion of pregnant women who entered ANC late in NSW during calendar year 2004 and to identify factors related to late entry.
Significance
The results enable the targeting of ANC resources to improve maternal and infant health in NSW. 
Methods

Data
Outcome variables
Weeks of pregnancy duration at first ANC visit was treated as a continuous variable and was also classified into late and early entry to ANC. Late ANC was defined as entering ANC after 12 weeks and early as 12 weeks or earlier. This cut off point was used because it is the common recommendation for developed countries [2, 3] and the majority of Australia [7] . The proportions of women who failed to meet the recommendation of the WHO for developing countries (4 months or 17 weeks) [1] and the recommendation used for the NSW Midwife Data Collection (20 weeks) were also reported for comparison.
Explanatory variables
The first column of Table 1 presents nine potential explanatory variables and their detailed classifications. These variables reflect four main components of the Andersen Health Behaviour Model: predisposing, enabling, needs and personal health behaviour. The classifications from the MDC database were kept for most of the variables. The following variables were created from the existing ones or were reclassified.
Predisposing characteristics
Four categories of Race/origin (non Aboriginal Australian born, Aboriginal and Torres Strait Islander, migrant from developing countries and migrant from developed countries) were created from two existing variables in the MDC: Aboriginal/Torres Strait Islander status and country of birth. 
Needs
Women who had three or more previous pregnancies were grouped into one category because they were only a small number.
The number of previous caesarean deliveries was classified as yes or no because few women had more than one previous caesarean delivery.
The number of foetuses during previous pregnancies (not including this pregnancy) was classified into singleton or twins/triplets/quadruplets.
Missing values
Records for women with missing pregnancy duration at entry to ANC were excluded from the analysis. For explanatory variables, missing categories were created so that all analyses have the same sample size.
Regressions and model building
The previous studies have used linear regression [14, 16] or logistic regression methods [11] or both [22] to identify factors related to pregnancy duration at first ANC visit (in month or week) and/or late entry to ANC.
We used both linear and logistic regression methods in this study, because the linear regression provides information on the proportion of variation in the pregnancy duration at entry to ANC explained by the contributing factors and the logistic regression provides information on the characteristics of women who entered ANC late. In addition, some factors may be significant in one model but not in the other. For example, if all women are aware that they should enter ANC within 12 weeks, there may be fewer factors that distinguish between entering ANC within 12 weeks or later, than factors that distinguish between entering ANC at 4 weeks, 8 weeks, 12 weeks, and later. Using both regression techniques increases the chance of a potential associated factor being identified. Furthermore; the guidelines may change in the future. For example, the US Public Health Service Expert Panel on Prenatal Care has recently recommended 8 weeks instead of 12 weeks [6] . Whenever the current standard guideline changes, the results from the linear regression will still be useful.
The outcome variable used in the logistic regression was classified into late entry to ANC (after 12 weeks, coded one) and early entry (within 12 weeks, coded zero). The outcome variable used in the linear regression was week of pregnancy.
For explanatory variables, number of women belonging to each category of variables was examined. Groups were chosen as reference groups (coded as 1 -lowest) if they had the largest number of women.
Bi-variate regression analyses were conducted to investigate the relationships between each of the individual factors and the outcomes. Variables with p value from bivariate regressions equal to or less than 0.25 were considered in the next stage of the model building process.
Correlations between these variables were then examined.
If there were high correlations between some variables, one of the variables in each pair would be considered to be omitted. The more relevant variable (found in the literature or viewed by researcher as to be more important) would be chosen to represent the other.
Stepwise selection technique was used in the model building process. The exclusion value for p was ≥ 0.10. Interactions between variables were examined. Significant variables in the logistic regression model were included in the linear regression model and vice versa, even when they were significant in only one model.
Blocks of variables were entered one after another into the models to determine the relative contribution of each block to the models.
Statistical software
The MDC 2004 data was downloaded using SAS and transferred to STATA 8.0 [24] .
Results
A total of 85,626 women gave birth in NSW in 2004. Of these there were 85,034 women or 99% with data on pregnancy duration at entry to ANC.
Characteristics of women
The second and third columns of Table 1 present characteristics of women who gave birth in NSW in 2004. The majority of women were in their twenties and thirties (42% and 51% respectively, mean age was 30 years), non Aboriginal Australian born (70%), living in Sydney (31% in Eastern and 35% in Western Sydney), having no or one previous pregnancy (44% and 34% respectively), having no previous caesarean section (88%), having no pregnancy complication (91%), having singleton current pregnancy (97%) and being non smokers (86%). The numbers of male and female babies born to these women were almost equal (52% for male and 48% for female). Table 2 shows pregnancy duration at entry to ANC. There was a significant number of women who entered ANC late by any definition: 41% entered ANC after 12 weeks, 16% after 17 weeks and 10% after 20 weeks. The mean pregnancy duration at entry to ANC was 12.8 weeks and the median duration was 12 weeks.
Pregnancy duration at entry to ANC
Bi-variate analyses
The last two columns of Table 1 present the number and the proportions of women within each category entering ANC after 12 weeks. Younger women tended to enter ANC later than older women. For example, 56% of women in their teens entered ANC late while only 36% of women in their 30's entered ANC late. Other high risk groups were migrants from developing countries (57%), Aboriginal and Torres Strait Islanders (50%), women living in Western Sydney (54%), women having three or more previous pregnancies (53%) and heavy smokers (53%).
The bi-variate logistic and linear regression analyses showed that most of the variables were statistically significant (p < 0.05), except the sex of the baby (p > 0.05 in both logistic and linear regressions) and pregnancy complication (significant in logistic regression but not in linear regression).
Correlation
Most of the variables were weakly correlated to each other, thus there was no strong evidence to exclude any variable.
For example, migrants from developed countries were more likely to live in Eastern Sydney and migrants from developing countries were more likely to live in Western Sydney, however the correlations were all less than 0.25.
Multivariate regression models
All variables except the sex of the baby were included in the initial full models. Obstetric complication was later excluded during the model fitting processes for both logistic and linear regressions. Interactions between number of previous pregnancies and last caesarean delivery, between residence and race/origin were added to the models but were not found to be significant. Table 3 presents the reduced multivariate logistic regression model (the linear regression model is not presented).
In the linear regression model, 12.5% of the variation in pregnancy duration at entry to ANC was explained by contributing factors. Predisposing variables and enabling resource contributed more to the model (r 2 = 5.6% and r 2 = 3.8% respectively) than needs (r 2 = 2.5%). Health behaviour contributed least (r 2 = 0.6%). Similar to the results from the linear regression, predisposing characteristics and enabling resource were also more significant (χ 2 (df = 8) = 2928, p < 0.001 and χ 2 (df = 3) = 2974, p < 0.001 respectively) than needs (χ 2 (df = 7) = 949, p < 0.001) and health behaviour was also least significant (χ 2 (df = 3) = 689, p < 0.001).
There were also agreements between the two models on the significances of factors investigated. All of the significant factors in the logistic regression model were significant in the linear regression and vice versa. The factors related to late entry to ANC were younger age, being a migrant, being Aboriginal or Torres Strait Islander, living in Western Sydney, having more previous pregnancies and a history of smoking. The groups of women at highest risk were teenagers (OR = 2.99, 95%CI = 1.76-3.23), migrants from developing countries (OR = 2.18, 95%CI = 2.1-2.26), women with three or more previous pregnancies (OR = 2.17, 95%CI = 2.05-2.30), heavy smokers (OR = 1.85, 95%CI = 1.74-1.96) and women living in Western Sydney (OR = 1.57, 95%CI = 1.51-1.63). The largest groups of women at high risk were migrants from developing countries (n = 9,892) and women living in Western Sydney (n = 29,382). The results from the two models were similar in terms of the level of risk. For example, the highest risk group (teenagers) had the highest OR (2.99) and the highest coefficient (3.6).
The factors associated with a reduced risk of late entry to ANC were age 40 and older, living outside of Sydney, having previous caesarean delivery and having a multiple pregnancy. 
Discussion
The study attempted to assess the prevalence of women who entered ANC late in NSW in 2004 and identify related factors. Forty one percent of women entered ANC after 12 weeks of gestation. This was double the 1997-1998 Victorian figure of 20% [8] . Over the last six years in NSW there has been a small reduction in the proportion of women entering ANC after 20 weeks of gestation in NSW (10% in this study compared to 13% in 1998 [9] ). A significant proportion of women (16%) failed to meet the developing countries' recommendation of entering ANC in the first four months of gestation [1] .
The fact that predisposing characteristics and enabling resources accounted more for the variation in pregnancy duration at entry to ANC than needs, implied that inequality existed between women. Inequalities between women were also found in other studies that utilised the Andersen Health Behaviour Model [11, 12, 14, 25] . Our results are also similar to the findings from other studies on the significance of age [11] , race [13, 18] and parity [11] [12] [13] 15] . Younger women, especially teenagers, are more likely to have unplanned pregnancies and lack information and the resources to access ANC services. Aboriginal and Torres Strait Islander women may have less knowledge about ANC and may have traditional beliefs that delay entering ANC. Women from developing countries bring with them the knowledge and practice from their first home countries and these are often lower in standards than more developed countries. Women with more previous pregnancies may be more confident because of their experience. They may also find it harder to attend ANC because of difficulties with child care.
Some other significant factors in this study have not been found to be related to late entry to ANC but have been found to be related to overall ANC utilisation (which included pregnancy duration at entry to ANC and number of ANC visits). These factors were previous caesarean delivery [22] and smoking [26] . Women who have had a previous caesarean delivery are aware of the risk of pregnancy complications and therefore more likely to seek ANC early. Smokers practice less healthy care behaviours in general and in ANC in particular.
Although similar to findings from other studies in the world, some results were unique for Australia. Migrants from developing and from developed countries entered ANC later than women who were born in Australia.
Migrants may have to focus on other more personal or family priorities such as stable accommodation and employment. Being new to the country means lack of information and support. In addition, these women may not have health insurance and are not entitled to social welfare benefits if they do not meet certain residency requirements.
In contrast to other studies that found living in more developed areas, mostly metropolitan areas, increases early ANC attendance [10] [11] [12] , this study found that living in Sydney, especially in Western Sydney is related to late entry to ANC, despite the fact that Sydney is the capital of the state. The explanation could be that most of the migrants live in Sydney and very few migrants live outside of Sydney. The other reason could be due to the effect of the Family First Program, introduced by the NSW Health Department to improve women's and children's health. ANC is one of the components of the Program in the rural and remote areas, and in Aboriginal communities [27] .
The strength of the study was that most of the women in NSW who gave birth in 2004 were included -reflecting the real situation in NSW. However, due to the large number of women, small differences were likely to be detected as statistically significant. Information was recorded by health staff throughout women's pregnancy, therefore data accuracy was at a high level.
This is the first study in Australia that utilised the widely used Health Seeking Behaviour Model in the selection and analysis of factors related to late entry to ANC.
The main limitation of the study was that several potential important factors such as health insurance, income and difficulty in transportation were not available for analyses. This could be one of the reasons for the linear regression model to explain only 12.5% of the variation.
Conclusion and recommendations
In 2004, a large number of NSW women entered ANC later than international and national recommendations and inequality existed between subgroups of women. For effective use of resources, efforts to increase early entry to ANC should focus on the identified high risk groups of women, especially the groups with large number of women such as migrants from developing countries and women living in Western Sydney. Interventions should be tested before large scale application.
Future research in Australia should include other potential explanatory factors and expand to other aspects of ANC such as number of ANC visits, services provided during ANC visits and satisfaction of women and providers.
